Summary. Fifty patients in diabetic coma or precoma, 33 of whom had previously received insulin and had circulating insulin antibodies, were studied during treatment with a low-dose intramuscular insulin regime. In the presence of insulin antibodies, serum free insulin was separated from bound insulin by steady-state gel filtration. The initial mean serum free insulin concentration in the group of patients without insulin antibodies was 9 mUff, 1 to 2 hours after intramuscular therapy it had risen to 22 mU/1, and after 7 to 8 hours to 73 mU/1. The corresponding concentrations for the group with insulin antibodies were 13, 23 and 74 mU/1. No relationship was found between the concentrations of serum free insulin attained and the age of the patients, their initial degree of acidosis, dehydration, and systolic blood pressure, the insulin antibody characteristics of their sera, nor the rate of decline of the blood glucose.
sulin are difficult, because of the almost universal presence of insulin antibodies. In the present study, we have measured and compared circulating free insulin concentrations in known diabetics previously receiving insulin, and in diabetics who had not had prior insulin therapy during treatment for episodes of coma or precoma with a low-dose intramuscular insulin regime.
Patients and Methods

Patients
Fifty patients (24 male, 26 female) were studied. Thirty-three had previously received treatment with conventional bovine insulin preparations and had circulating anti-insulin antibodies. Seventeen had not previously received insulin and did not have any such antibodies. Details of the two groups are shown in Table 1 . Thirty-one were keto-acidotic [5] and 19 were hyperosmolar non-ketofic [6] .
All patients were treated, as far as possible, with a standardised regime, in which soluble insulin was given in a dosage of 10 units hourly by intramuscular injection. Initial fluid replacement was with 5 litres, given over 8 hours, of either 154 mmol/l or 75 retool/1 saline, depending on the initial plasma osmolality. Potassium replacement was with 20 mmol hourly. Intramuscular insulin was discontinued when the blood glucose had faIlen to less than 13 mmol/1, at which time six hourly subcutaneous insulin was begun and the intravenous fluid changed to 222 mmol/1 glucose in 30 mmol/1 saline.
Blood samples were withdrawn before, and between 1 and 2, 3 and 4, 5 and 6, and 7 and 8 hours after beginning intramuscular insulin, as near to the half-hour as possible, and 2-3 hours after the last intramuscular injection. 
Me~o~
Blood glucose was measured by autoanalyser employing either glucose oxidase [7] or neocuproine [8] . Plasma urea and electrolytes and arterial pH were measured by routine chemical laboratory methods. Serum insulin was measured by radioimmunoassay using charcoal separation [9] . In patients previously treated with insulin serum free insulin was separated from insulin bound to antibody by steadystate gel filtration [10] . This technique was introduced by Burke [11] to study ligand binding in serum and depends on the molecular sieving properties of Sephadex. If a sample of serum is applied to a column packed with Sephadex, the free and bound ligand are separated at the leading edge of the sample, which leads to an initial disturbance of their equilibrium. If, however, the sample is applied to the column continuously, a steady state is eventually established in which the bound ligand equilibrates with the free moiety in the aliquot which preceded it. Free ligand finally emerges from the column separated from bound ligand when sample application is discontinued. Free insulin was assayed directly in the eluates that were protein free. Total insulin was measured after acidification (pH2) and separation of insulin from antibody protein using the same column and an acid-protein buffer. Insulin antibody characteristics were determined by adding varying amounts of insulin to samples of serum. The bound and free insulin were subsequently separated by steady-state gel filtration and measured by radioimmunoassay. The results were subjected to a Scatchard analysis [12] , thereby determining the binding characteristics of the antibodies and assessing binding site heterogeneity.
Differences between various groups of patients selected for analysis were assessed by Student's test. In the case of bound insulin log transformed data was analysed. Unless otherwise stated, no statistically significant differences were found.
Results
Four patients, 3 of them newly diagnosed diabetics, died during the period of intramuscular insulin therapy; one after 5 hours, and 3 after 6 to 7 hours. Causes of death were cerebral thrombosis in 2 cases, gastro-intestinal haemorrhage and inhalation pneumonia in 1 case and a pulmonary embolus in the fourth. Seven patients, 5 of whom had previous- 
( ) = No. of subjects iy been treated with insulin, were transferred to subcutaneous insulin therapy after 5 to 6 hours and the remainder after 7 to 8 hours. Mean serum free insulin and mean fall in blood glucose concentrations in patients with and without insulin antibodies are shown in Figure 1 . Similar concentrations of free insulin and falls of blood glucose were found in the two groups. The overall mean fall in blood glucose 4 hours after starting intramuscular insulin therapy was 35%. Comparison of free insulin concentrations in two groups of patients in whom the blood glucose fell relatively rapidly or slowly, showed that the serum free insulin concentrations attained did not appear to influence the rate of decline of blood glucose (Table 2) .
No relationship was found between the concentrations of serum free insulin found during treatment and the age of the patient. absence of insulin antibodies in the serum of these groups of patients did not apparently influence the concentrations of free insulin attained. Similarly, patients with extremes of either the initial systolic blood pressure or arterial pH achieved comparable concentrations of serum free insulin during treatment (Table 3 ). The mean (_+ SEM) serum free insulin concentration (mU/1) for a group of 14 patients whose initial calculated plasma osmolality was greater than 345 mosm/l was 16 (• before the insulin therapy, rising after 3 to 4 hours to 45 (• 2), after 7 to 8 hours to 77 (• 3), and declining 2 to 3 hours after discontinuing intramuscular insulin to 51 (• 3). The corresponding values for a group of 13 patients whose initial calculated plasma osmolality was less than 310 mosm/l were 10 (_+ 2), 44 (• 42-9 .55) U/1. The affinity constant for the less avid binding site and the total binding capacity for the two binding sites also did not appear to influence the serum free insulin concentrations attained during treatment. The median bound insulin for these two groups is also shown in Table 4 , showing a rise in the bound insulin during intramuscular insulin therapy and a fall after change to subcutaneous insulin.
Discussion
The method of steady-state gel filtration has been used in the present study to separate circulating free insulin from insulin bound to antibody. The method satisfies the criteria suggested for the validation of any technique of separating free from bound ligand [11, 14] and has the particular advantage over other methods of measuring serum free insulin (such as ultracentrifugation [15] , and ethanol [16] and polyethylene glycol [17] precipitation) of not requiring an extraction step, with its risk of disturbing the equilibrium between bound and free hormone.
Treatment of severe diabetic keto-acidosis by low-dose intramuscular insulin has been found to be effective and convenient [18] . Concern has, however, been expressed that poor absorption of insulin from the injection site in shocked patients, may lead to a delayed response, and the risk of late hypoglycaemia [19] . Others have, therefore, preferred intravenous insulin given either continuously [4] or intermittently [20] . In the present study, however, no evidence of poor absorption from the injection site was found, in that the concentrations of serum free insulin attained during treatment were similar in groups of patients chosen for extremes of initial systolic blood pressure, and of fluid depletion, as assessed by the calculated plasma osmolality. Furthermore, the serum free and bound insulin fell 2 to 3 hours after the last intramuscular injection of insulin in all patients, and no instance of late hypoglycaemia was encountered. The concentrations of free insulin were found to rise gradually during the intramuscular insulin regime of 10 units hourly, so that the highest values were only achieved after several hours of treatment, by which time the blood glucose had usually fallen to less than 13 mmol/1. Thus an insulin regime based upon an initial loading dose, such as an initial dose of 20 units intramuscularly followed by 5 units hourly [5] , or an intravenous infusion might be more logical.
There was no clear relationship between the concentrations of serum free insulin found during treatment and the fall of blood glucose. This has previously been reported with a high-dose insulin regime [6] and is not unexpected, in that hyperosmolar and ketoacidotic diabetic coma and precoma are complicated metabolic states, and a number of factors are known to affect the response to treatment. Thus fluid therapy alone has been shown to produce an impressive fall of blood glucose [2] . Furthermore, the circulating levels of free fatty acids and ketone bodies, and hormones such as cortisol, catecholamines and glucagon [6] , none of which were measured in the present study, may affect tissue sensitivity to circulating insulin. In this series no clear effect of the presence of an infection was detected, in contrast to the studies of others [2] .
The concentrations of serum free insulin found during treatment in the present study were similar in patients previously treated with insulin and who, therefore, had circulating antibodies to the hormone, and in newly diagnosed diabetics. These concentrations were in broad agreement with those found on previous investigations [2, 3, 4] in newly diagnosed patients and in the appropriate range for the physiological action of the hormone [1] . Furthermore, the binding characteristics of the antibodies to insulin, where present, did not appear to affect the concentrations of serum free insulin achieved; our data do not provide any explanation for this observation. The capacity of these antibodies, together with their speed of action as found in other studies [21, 22] , would be expected to result in the binding of a proportion of the relatively small doses of administered insulin, as is indeed shown by the rise in the bound fraction of the serum insulin. It may be that with frequent injections of low-doses of insulin a limiting factor in determining levels of circulating free insulin is the very short half life of circulating insulin [23, 24] . Thus, if the mechanisms for removing free insulin from the serum are similar in patients with and without circulating antibodies to insulin, and if the rate of its removal is rapid as compared with the rates of association and dissociation of insulin with its antibody, then with frequent injections, comparable concentrations of serum free insulin are likely to be found in such patients. It is interesting to note that the concentration of bound insulin increased in parallel with the concentration of free insulin. The increase tended to be greater in the low affinity group. This bound insulin did not appear to contribute to the free plasma insulin pool at the later time periods in that free insulin concentrations remained comparable in all groups.
In conclusion, the results of the present study suggest that a reasonably uniform response, in terms of the concentrations of circulating free insulin attained, can be expected in a wide range of diabetics treated for diabetic coma by low-dose hourly intramuscular injections of insulin.
